Aeronautics Technology

Acronautics Technology
Theme Roadmaps

January 2004



Aeronautics Technology

Airspace Systems Program
(ASP)



Airspace Systems Projects Roadmap
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Efficient Traffic Flow
Advanced Air Transportation Technologies
Efficient Aircraft Spacing
Efficient Flight Path Management
Automated Air Traffic Management
Airborne Autonomous Flight Management
Unmanned Aerial Vehicle Operations
Transitional Automated ATM
Transitional Airborne Autonomous FM
Transformational Automated ATM
Transformational Airborne Autonomous FM

System-Wide Operations Technologies
Small Aircraft Transportation System
Virtual Airspace Modeling & Simulation
Strategic Airspace Usage
Space-Based Technologies

System-Wide Information Management Technologies

Seamless CNS Systems

Weather Prediction/Forecasting Technology
Transitional System-Wide Technologies
Transformational System-Wide Technologies

Airspace Human Factors
Human Measures and Performance
Human/System Performance
Transitional Human Factors
Transformational Human Factors

Systems Evaluation and Engineering
Technology Integration
System-Level Concept Studies
System Safety Analysis
System Performance Economic Studies

Technology Transfer Processes and Agreements

Transitional Systems Engineering
Transformational Systems Engineering

FY04 [ FY05 | FY06 | FYO7 | FY08 | FY09 | FY10

FY11|FY12

FY13

FY14

FY15

FY16 [FY17 | FY18 | FY19

FY20

FY21|FY22 | FY23 | FY24

FY25

1

1.2

1.3

I

v 1.4

Y 25

VY 26

2.7

2.8

3.1

3.3

4.1

Y 42

Y 43

Y 4.4

4.5

[l Current Projects

[0 Near-Term Planned Activities

4.6

B Mid-Term Activities

[ Far-Term Activities

1.9
1.10

2.9

3.4

4.7



ASP System Concepts
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Optimm Air Traffic
Management System Next Generation Air
Traffic Management System

Small Aircraft
Transportation System

Airport Adaptive System Demand Adaptive

Management System

Arrival and Departure Surface Traffic
Management System Management System
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Aeronautics Technology

Capabilities

Strategic
Technology
Focus Areas

50% increase in
operations through
optimization and
integration of national
traffic flow

Elimination of 50% of
delays by more efficient
management of arrivals,

departures, and gate

assignments

Increased use of stub
runways and helipads at
congested hub airports

More efficient access to
airspace from remote
locations

Optimized spacing tailored
to individual aircraft
characteristics

Increased availability of
direct or near-direct
routings

Efficient Traffic Flow

1.1 Advanced Air Transportation
Technologies

1.3 Efficient Flight Path
Management

1.4 Automated Air Traffic
Management

1.5 Airborne Autonomous Flight
Management

1.1 Advanced Air Transportation
Technologies

1.3 Efficient Flight Path
Management

1.4 Automated Air Traffic
Management

1.5 Airborne Autonomous Flight
Management

1.2 Efficient Aircraft Spacing

1.6 Unmanned Aerial Vehicle
Operations

1.1 Advanced Air Transportation
Technologies

1.2 Efficient Aircraft Spacing

1.3 Efficient Flight Path
Management

1.4 Automated Air Traffic
Management

1.5 Airborne Autonomous Flight
Management

1.1 Advanced Air Transportation
Technologies

1.3 Efficient Flight Path
Management

1.4 Automated Air Traffic
Management

System-Wide
Operations
Technologies

2.3 Strategic Airspace Usage

2.7 Weather Prediction/Forecasting
Technology

2.3 Strategic Airspace Usage

2.1 Small Aircraft Transportation System

2.1 Small Aircraft Transportation System

2.4 Space-Based Technologies

2.6 Seamless CNS Systems

2.3 Strategic Airspace Usage

Airspace Human
Factors

Systems Evaluation
and Engineering

Notes: Numbered entries (e.g., 1.3) are keyed to projects in the time-phased
project roadmaps. An entry in this table can be supported by multiple projects
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Aeronautics Technology

Capabilities

Ability to route traffic

Strategic Near-instantaneous Airport ground and gate Accommodation of a wide Safe and reliable
Technol response to disruptive operations integrated and variety of new vehicles in autonomy and automation through other than Increased utilization of
echnology conditions (weather, optimized with dynamic Y Y congested hub airports smaller airports

Focus Areas

hostile action, etc.)

conditions of the NAS

the NAS

in NAS

and around choke points

Efficient Traffic Flow

1.1 Advanced Air Transportation
Technologies

1.3 Efficient Flight Path
Management

1.1 Advanced Air Transportation
Technologies

1.6 Unmanned Aerial Vehicle
Operations

1.4 Automated Air Traffic
Management

1.5 Airborne Autonomous Flight
Management

1.6 Unmanned Aerial Vehicle
Operations

1.1 Advanced Air Transportation
Technologies

1.2 Efficient Aircraft Spacing

1.4 Automated Air Traffic
Management

1.6 Unmanned Aerial Vehicle
Operations

System-Wide
Operations
Technologies

2.3 Strategic Airspace Usage

2.7 Weather Prediction/Forecasting
Technology

2.3 Strategic Airspace Usage

2.1 Small Aircraft Transportation System

2.2 Virtual Airspace Modeling &
Simulation

2.4 Space-Based Technologies

2.5 System-Wide Information
Management Technologies

2.2 Virtual Airspace Modeling &
Simulation

2.3 Strategic Airspace Usage

2.1 Small Aircraft Transportation System

Airspace Human
Factors

Systems Evaluation
and Engineering

Notes: Numbered entries (e.g., 1.3) are keyed to projects in the time-phased
project roadmaps. An entry in this table can be supported by multiple projects
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Capabilities

Strategic
Technology
Focus Areas

Multiple-aircraft
operations (takeoffs,
formation flight)

System designs and
procedures that eliminate
sources or adverse effects
of human error

System-level control that

enables safe expanded,

high-density, and flexible
utilization of airspace

System designs and
procedures that eliminate
sources or adverse effects
of human error in future
environments

Real-time assessment of
state of the NAS and
potential threats

Efficient Traffic Flow

1.2 Efficient Aircraft Spacing

1.3 Efficient Flight Path
Management

1.2 Efficient Aircraft Spacing

1.3 Efficient Flight Path
Management

1.4 Automated Air Traffic
Management

1.5 Airborne Autonomous Flight
Management

System-Wide
Operations
Technologies

2.2 Virtual Airspace Modeling &
Simulation

3.1 Human Measures and
Performance

2.2 Virtual Airspace Modeling &
Simulation

2.3 Strategic Airspace Usage

2.4 Space-Based Technologies

3.1 Human Measures and
Performance

2.2 Virtual Airspace Modeling &
Simulation

Airspace Human
Factors

3.1 Human Measures and
Performance

3.2 Human/System Performance

3.1 Human Measures and
Performance

3.2 Human/System Performance

Systems Evaluation
and Engineering

Notes: Numbered entries (e.g., 1.3) are keyed to projects in the time-phased
project roadmaps. An entry in this table can be supported by multiple projects
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Aviation Safety & Security
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Av Safety & Security Projects Roadmap &
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FYo4 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Aircraft Self-Protection and

Preservation

Single Accident Prevention
Accident Mitigation

Reliance ’

Real-time Diagnosis/Prognosis
Reliability-centered maintenance
Distributed adaptive control systems with real-time
reconfiguration

Self healing systems

Environmantal Hazards Awareness &
Mitigation

Aircraft Icing
Weather Accident Prevention

Icing Technologies for Regional Jets

Satellite Data for Real-Time Aviation Weather Forecast
Analytical models to predict aircraft wake vortices,
combined with ground sensors to confirm predictions
Synoptic Atmospheric data collection (fusion of
active/passive scanning/imaging sensors)
All-Weather penetration flying (hardened aircraft)

Human Error Avoidance and Mitigation
Synthetic Vision Systems

System-Wide Accident Prevention

Integrated Flight Deck Information System

Training and Operations for Error Reduction
Augmented-Reality Flight Deck System

Single-Crew Flight Deck Technology

System Vulnerability Discovery and

Management
Aviation System Monitoring and Modeling
System Vulnerability Detection

Automated passenger identification and threat
assessment system

System Vulnerability and Risk Prediction

Hostile Act Intervention and Protection
Aircraft and Systems Vulnerability Mitigation |
Reufse to crash aircraft

Self-recovering (landing) aircraft




AvVSSP System Concepts
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Refuse-to-crash
Aircraft

National System Self-managing

Assessment & Monitoring Aircraft
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AvSSP Technology-to-Capabilities Matrix

Aeronautics Technology

Strategic
Technology Focus
Areas

Capabilities

Note: Textinitalics represent
secondary contributions

and resilient

Vehicles and system designs

agalnst historical fallure causes

against new failures and
causes

Vehicle and system designs
resilient against potential security
threats

System designs and procedures
that eliminate sources of adverse
effects of human error {today or in
the future)

Near4nstantaneous response to
disruptive conditions (weather,
hostile action, etc.)

of the
and |

Real-time of and
tion to hostile acts

of the of

hostile acts

Aircraft Self-Protection &
Preservation

Aircratt & Propulsion Systems Sell.Diagnosts and
Sulf Reliance

Aroralt & Propulsion Systams Sulf Diagnosis and
St Flaliamen

 Aicralt & Propuiseon Systems SelCusgrosis and Sed
(-

{ircraf & Progutsion Systems Self Diageesis and
Self Ralianee

Rual-time Disgessis Prognosis

sl sime Disgnosis Prognosis.

[ Rodktines DigroaisPrgnosia

Realtime Diagnosis Prognosis

B Ruliabity Cuntuivd Maintonancy
Uissributed sdaptive contiol systems with real-time, g p Distribusted adaptive s ema wih seat-time (tustnbutd adsptive control systems wih seaftime
ecanfiqueation recontiguration recanfiquiation reconiiguration reconiguation
Salf Hoaling Systoms 5o Mawing Systema Sell Healing Systams Salf Healing Systems Sell Healing Syssems

Envronmental Hazards
Awareness & Mitigation

lcing Technalagies for Hegional Jets

scing Tochnoiogues for Regonad Jots

Icing Technologies fsr Reglonal Jets

Icing Technalagies for Hegisnal Jets

[ Sateiite dats for Feabtime Avistion Wiather Foscast

|Anatyiial muduls ta pradict aitesalt waks
vartices, cembined with greund senseos

Symapth

 Arsalyticaf kel o procict imrafl wak wootices,
[combined i ground simescs

| Satedite data for Featime Avstion Wieather Fomcast

Analtical coodla b sradict sree ! makin vorticns,
comibingst b ground spnaes

Satellite data bor Real time Aviation Weather
Foreeast

b tic ol rociels 1 s wncoift vtk WHICHS,
[combined wth ground senarca

[Symeptsc Avmosphans: oy

dun colloction

Satullite data for Real Sime Aviation Weather
et

[Simptic Armosphi: dita ollction

Allwrathes penesiation fying fardesed alrcrat)

All-weather penetration fying fardened aircraty

Al athver pemetrasion flying ardened alrcraf)

| A-woathor panstration fwng (hardened avcralt)

Human Error Avoidance &
Mitigation

Insegrated Flight Deck Infarmation Systems

Bniegrated Flight Deck Infsrmatisn Systoms

Training and Operations far Erras Reduction

Trainung and Cperstions or Emor Rsduction

Fraining and Ciperations for Emor Raduction

Augmunted feality Flight Dack Systams

Augementid Ruality Flight Duck Systess

‘Single Criw Flight Duck Tachnolagies

Augrmestnd Reeality Flight Deck Systarms

Singhe Crirw Flight Deck Tochnologies

Augmarted Realty Fight Dvch Systems

Singhe-Criw Fiight Dvch Tachnedogies

| AcsgropntocRnalty Flght Dvch Systams

irer s & Syt Vsl sbility Mitic ssiesn

(it afe & Sytoares Uil ability Mitig atios

i oalt £ Sypatinnicn Wittty Mtization

iscaalt & Syt Ualmesability Mitigation

Mirerah & Symrmes Vsl sbility Mitig stian

Hostile Actintervention & | | o Fialuze to crash scralt Fufuse % crash alrcraft Fifuo 1 crpsh avcralt Fetuse 10 crash siroraft et 1o crash alrcraht
Protection
Saftwwcovenng (landing) arcraft Sellrecovering landing sieras | Sofaccvanng flanding) secrsft Sellrecavering flanding) aicraf Oandisg) aircraft alrcratt Sell.recovering andingd sircrat
Sistamm Vil ability Dutuction Spaters Viarabilty Detoction Systium Vulnaeability Detection
System Vulnerability [Autamatad pasenger idontification asd thiest Autormatod pasennger divotdic fion wd st Aussmatnd pasenge and thawat bt slanitiication e thrait
Discovery & Mangement assessment sysem aasezament aystem asessment sysem assesaman ayster

System wulmerability and sisk prediction

Syestom asrsrabiity and sk prockction

System velneraddlity sed tisk predicion

Systom vulnarabilitg and risk pradiction

Systom vulnarabilty and sk prediction
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AvSSP Technology-to-Capabilities, cont.

Aeronautics Technology

y

Capabilities

Strategic
Technology Focus
Areas

Note: Text in italics
represent secondary
contributions

More reliable air vehicles
and systems

Lower operations and
maintenance costs

50% increase in operations
through op and

Elimination of 50% of
delays by more efficient

integration of national
traffic flow

g of arrivals,
departures, and gate
assignments

mar

Safe and reliable autonomy
and automation in NAS

Realtime assessment of
the state of the NAS and
|potential threats

Ability to route traffic
through other than
congested hub airports
and around choke points

Multiple-aircraft operations

(take-offs, formation flying)

Alrcraft Self-Protection &
Preservation

Aircralt & Propulsion Systems Sel-
Diagnosis and Sell-Heliance

Heal time DiagnosisPrognosis

Aircrall & Propulsion Systems Sell.

Diagnosis and Sell Relisnce

FliabiligCentened Maintenance

(Avcrafl & Propulon Syalems Sel-
| Dagnoss and Sed-Rebance

Distributed adaptive control systams
with raal thma recanflguration

Distributed adaptive control systems wih
raattime recanfiguration

Envronmental Hazards
Awareness & Mitigation

Jeing Techoalogies for Regional Jets

Ieing Technologies for Regional Jets

Heing Techrotogres for Regianal Jets

Satelite data for Roat-time Avistion
Weather Forecast

Satelite data for Realtime Aviation
Weather Fovecast

| Satelie data for Realtime Aviation
Westher Forecast

Analytical models ta prodict aircraft
wiake vartices. combined with around
senstas

Araktics! modils 10 papcie! ecialt wakis
Letiens, combind with ground SARSR0S

| Anahticsl modals 1o pradic! sieraht waks
vorieas, cambunad wih aund sansa0s

Mying
(hardened aircrafy

| Symoptic Atmaspberic data collection

fying
(harduned aircrafl)

Synoptic Atmaspheric dats callection

Al wwsathas ponetration lling (havdonid

gircralt)

Human Error A

Irteqratess Fighe Deck Infoematicn
Systems

Intexratest Fight Deck infcemation
Systams

integeatedt Fight Deck Irdamostian
Systems

irdagraced Fight Deck Infomstion
Syatems

i &

Training and Cperations far Eimor Reduction

Mitigation

|Augmentad-Reatty Fight Dech Syalems

Augmented-Realty Fight Dech Systems

Singe-Lirew Fiight Dech Technaloges

Augmanted-Resily Fight Deck Systams

Auvgmented-Reaity Fight Deck Systems

Hostile Act Intervention &
Protection

System Vulnerability
Discovery & Mangement

Aircraft & Symtams Viaeabiliy Weigatian

ircraft £ Sysbams Vulnarshiliy Mitigation

Rlafisss 1o craah sicralt

Sed-recevenng (landing) avcrafl

Ratuss 1o crash siersft

Sell-recovenng (landmg aicral

Syetam Vutratilty Detoction

System Vulnerability Detection

A . _ and
threst saseanment systam

passEngRr and
Thraat AsssssmAnt Systam

System vutnarabilty and risk prediction

Systam vulnarability and sk pradiction
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Vehicle Systems Projects Roadmap

Aeronautics Technology

762: Strategic Focus Areas

FY04 FY05 FY06 FY07 FY08 FY09

FY10 FY11 FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25

762.1: Smart Aircraft and Autonomous Control
Multi-Vehicle Collaboration Flight Demo (F&SD)

Access 5/UAV in the NAS Steps 1 & 2 (F&SD)
Autonomous Robust Avionics (AuRA)

AuRA+ Demonstration (F&SD)

Sentient Air Vehicle

Autonomous Certification Methods

Autonomous Transport Technology

762.2: Aerodynamic Performance for Fuel Efficiency
Efficient Aerodynamic Shapes and Integration (EASI
Active Aerodynamic Systems

Active Aero+ Demonstration (F&SD)

Integrated Aerodynamics Design

Globally Adaptive Aircrafi

762.3: Aircraft Weight Reduction and Community Access
AAW Demo (F&SD)

Integrated Tailored AeroStructures (ITAS)

ITAS+ Demonstration (F&SD)

Multifunctional Structures

Active Materials and Structures

Self Adapting Airframes

762.4: New Aircraft Energy Sources and Management
Regen Fuel Cell (F&SD)

Low-Emissions Alternative Power (LEAP)

Electric Hybrid Demo (F&SD)

Alternative Energy Systems

Alternative Fuel+ Demonstration (F&SD)

All Electric Powered

Intelligent Energy Management

762.5: Quiet Aircraft for Community Friendly Service
Quiet Aircraft Technologies (QAT)

Systems for Integrated Low-Noise Concepts (SILNC)
SILNC+ Demonstration (F&SD)

Highly Unified Systems for Hushed (HUSH) Aircrafi
Quiet, Integrated, Efficient Technology for (QUIET) Aircrafi
762.6: Environmentally Friendly, Clean Burning Engines
Ultra Efficient Engine Technology (UEET]

UEET+ Demonstration (F&SD)

Intelligent Propulsion Systems

Integrated Flight/Propulsion Intelligence Demo (F&SD)
Autonomous Propulsion Systems

762.1.1

1.2

762.1.4

762.2.1

762.5.1

762.6.1

| | 762.1.7
[
v 762.2.2
! v 762.2.3
| 7 76224
i | 762.2.5
[
v 762.3.3
v762.34
\V 76235
i l | 762.3.6
[
76243 762.4.4
y v 762.4.5
I I | v 762.4.6
762.4.7

762.6.2

Notes: Numbered milestones (e.g.,v3.9) are keyed to elements in the technologies-to-capability matrix.
Not all milestones appear in the technologies-to-capability matrix — some projects support successor projects.
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VSP System Concepts ﬁ_,lﬁ

Aeronautics Technology

ExSTOL - Extreme Short
TakeOff and Landing
Transport

<2000’ TOFL, M=0.8 cruise, quiet,

V, ~50kts

mceo

S4T - Silent Small
SuperSonic Transport

_ _ HeVSTOL - Heavy-Lift
EQuiPT -Easy-to-use, Quiet Vertical/Short Takeoff and
Landing

Personal Transportation

L
-

-30 dB vs. SOA, auto-like 120-passenger, 1,200nm, V/STOL
ease of use, $75K

HALE ROA - High-Altitude

QuEST - Quiet, Efficient Long-Endurance
Subsonic Transport Remotely-Operated Aircraft

Overland supercruise with
acceptable sonic boom

Low-noise, low-emission, highly 14-day endurance, 60-70K ft ops,
efficient transport aircraft 400 Ib payload

15



VSP Technology-to-Capabilities Matrix (&

Aeronautics Technology

-

762.2: Aerodynamic
Performance for Fuel
Efficiency

airframe component
technologies to
reduce aircraft CO2
emissions by 25%.

Strategic Capabilities

Technology EQuiPT HeVSTOL ExSTOL ST QUEST | HALE-ROA

Focus Areas
762.1: Smart Aircraft 762.1.1: Improve
and Autonomous reliability of

commercial UAVs
Control by a factor of 2.
762.2.1: Demo

762.3: Aircraft Weight
Reduction and
Community Access

762.3.1: Integration of
advanced materials,
adaptive structures and
aerodynamics and active
flow control for enhanced
mobility enabled by short
field landing & takeoff.

762.4: New Aircraft
Energy Sources and
Management

762.4.1: Demo additional 10% (above the
15% from UEET) improvement in
conventional propulsion systems (CO2
reduction) while laying the foundation for
proof of nonconventional power and
propulsion systems that double the
efficiency of today's capabilities.

762.5: Quiet Aircraft for
Community Friendly
Service

762.5.1: Develop &
validate techs to
reduce community
noise impact by half
relative to 1997.

762.6: Environmentally
Friendly, Clean Burning
Engines

762.6.1: Demonstrate combustor
configurations for reducing NOx emission by
70% (ref. to 1996 ICAO standard) to reduce
smog and lower atmospheric ozone.
Demonstrate airframe and engine
component technologies for reducing CO2
emissions by 25% (ref. to 2000 SOA).

16



